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Abstract

Prior research has shown that nonhumans show an extreme preference for variable- over fixeddelays to reinforcement. This well-established preference for variability occurs because a
reinforcer’s strength or “value” decreases according to a curvilinear function as its delay
increases. The purpose of the present experiments was to investigate whether this preference for
variability occurs with human participants making hypothetical choices. In three experiments,
participants recruited from Amazon Mechanical Turk made choices between variable and fixed
monetary rewards. In a variable-delay procedure, participants repeatedly chose between a reward
delivered either immediately or after a delay (with equal probability) and a reward after a fixed
delay (Experiments 1 and 2). In a double-reward procedure, participants made choices between
an alternative consisting of two rewards, one delivered immediately and one after a delay, and a
second alternative consisting of a single reward delivered after a delay (Experiments 1 and 3).
Finally, all participants completed a standard delay-discounting task. Although we observed both
curvilinear discounting and magnitude effects in the standard discounting task, we found no
consistent evidence of a preference for variability—as predicted by two prominent models of
curvilinear discounting (i.e., a simple hyperbola and a hyperboloid)—in our variable-delay and
double-reward procedures. This failure to observe a preference for variability may be attributed
to the hypothetical, rule-governed nature of choices in the present study. In such contexts,
participants may adopt relatively simple strategies for making more complex choices.
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Human Choices Between Variable and Fixed Rewards in
Hypothetical Variable-Delay and Double-Reward Discounting Procedures
Many studies have shown that in choice situations, animals display preferences for
variable reinforcement schedules over fixed reinforcement schedules (e.g., Davison, 1969, 1972;
Fantino, 1967; Herrnstein, 1964). For instance, using a concurrent-chains procedure, Herrnstein
(1964) found that pigeons showed a preference for a variable-interval (VI) 15-s schedule over a
fixed-interval (FI) 15-s schedule. Using a concurrent-chains procedure with rats, Rider (1983a)
found nearly exclusive preference for a mixed-ratio (MR) schedule that required either 1 or 99
responses per reinforcer over a fixed-ratio (FR) 35 schedule. A similar preference for variability
has been found with simple delays to reinforcement (e.g., Cicerone, 1976; Rider, 1983b). For
example, if pigeons must choose between food delivered after a fixed 10-s delay and food
delivered after a delay that is either 2 or 18 s (with equal probability), they exhibit a preference
for the variable option, even though the average delay to food is 10 s for both alternatives
(Mazur, 1984). This preference for variable delays is not a minor effect; it is large and robust. To
quantify the degree of preference, Mazur (1984) used an adjusting-delay procedure to estimate
the indifference point—a single delay that was about equally preferred to the variable delay. He
found that when the variable delay was either 2 or 18 s, the mean indifference point for the
pigeons was about 4.5 s, suggesting that a fixed delay to food of 4.5 s was about equally
preferred to a variable delay of 2 or 18 s.
The reason for this preference for variability is well understood. It occurs because a
reinforcer’s strength or “value” decreases according to a curvilinear function as its delay
increases. Figure 1 illustrates why such a curvilinear delay-discounting function leads to a
preference for the alternative with a variable delay. The function shown is based on the following
hyperbolic equation:
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A
(1)
,
1 + KD
where V is the value of a reinforcer delivered after a delay of D seconds, A is a measure of the
V=

amount of reinforcement, and K is a parameter that determines how rapidly V decreases with
increasing delay. For the example in Figure 1, A was arbitrarily set to 100 and K was set to 1, a
value that Mazur (1984) found suitable for making good predictions for pigeons. With these
parameters, the values of reinforcers delivered after 2, 10, and 18 s are, respectively, 33.33, 9.09,
and 5.26. Mazur assumed that the value of a reinforcer delivered after a variable delay of 2 or 18
s was the mean of their two values (see red arrows), which is 19.30 (see black arrows). Because
this is greater than the value of the reinforcer with a fixed 10-s delay, 9.09 (see green arrows),
the model predicts that pigeons will prefer the variable delay. In addition, Equation 1 can be used
to estimate the indifference point by finding the duration of a fixed delay that also has a value of
19.30, which is a delay of 4.18 s. Put somewhat differently, with K = 1, Equation 1 predicts that
a variable delay of 2 or 18 s should be equally preferred to a fixed delay of 4.18 s (which is close
to the mean indifference point of about 4.5 s obtained in Mazur’s experiment).
This method of estimating the value of a reinforcer that is delivered after a variable delay
is expressed more formally in the following extension of Equation 1:

n


A
 ,
V =  Pi 
i =1
 (1 + KDi ) 

(2)

where V is the value of a reinforcer that could be delivered after any one of n possible delays,
and Pi is the probability that there will be a delay of Di seconds. According to Equation 2, the
value of a reinforcer that is delivered after a variable delay can be calculated by averaging the
values of all the different possible delays, with each delay weighted by its probability of
occurrence. In his full experiment, Mazur (1984) found indifference points for many different
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types of mixed and variable delays. In all cases, Equations 1 and 2 predicted the actual
indifference points quite accurately, accounting for more than 95% of the variance in the group
means. These equations have also been successfully applied in studies with pigeons (Mazur,
1986) and rats (Mazur, 2007) where the element of probability was eliminated, but two or three
delayed reinforcers were delivered on a single trial.
It is important to emphasize that the hyperbolic equation is by no means the only one that
predicts a preference for variable over fixed reinforcer delays. Any equation that describes a
decreasing, concave-upward discounting function will predict this effect. For example, an
exponent can be added to the denominator of Equations 1 and 2, producing what have been
called hyperboloid equations:

V=


A
V =  Pi 
s
i =1
 (1 + KDi )
n

(3)

A
S
(1+ KD)




(4)

Equations 3 and 4 differ from Equations 1 and 2 only in the addition of the exponent S, a scaling
parameter that can be considered a measure of the individual’s sensitivity to delay and amount.
Myerson and Green (1995) proposed adding this sensitivity parameter to the hyperbola equation,
in part, because it produced better fits to the data obtained from human participants. Mazur
(1984) chose to use Equations 1 and 2 because they provided good quantitative fits to his data,
and many other studies using a variety of different choice procedures have found that delay
discounting by nonhumans is well described by a hyperbolic function (e.g., Mazur, 1987; Mazur
& Biondi, 2009; Richards, Mitchell, de Wit, & Seiden, 1997; Rodriguez & Logue, 1988;
Woolverton, Myerson, & Green, 2007).

VARIABLE AND FIXED REWARDS

6

A few previous studies have examined choices between fixed and variable reinforcement
schedules with humans, but their results have been inconsistent. In an experiment by Weiner
(1966), adults pressed a response key to earn points, and they were instructed to earn as many
points as possible. Pressing a second key allowed them to switch between variable-ratio (VR)
and FR schedules. They showed no clear preferences between the VR and FR schedules. Kohn,
Kohn, and Staddon (1992) had participants choose between fixed-time (FT) and variable-time
(VT) schedules (which deliver reinforcers after fixed and variable delays, respectively), using
points in a two-key video game as reinforcers. They found preferences for the FT schedules,
which is the opposite of what has been obtained with nonhumans. However, Locey, Pietras, and
Hackenberg (2009) employed procedures that were more similar to those used in the nonhuman
studies, and they used 30-s video clips as reinforcers that were delivered after fixed or variable
delays. They found preferences for variable over fixed delays in three of their four participants,
and their indifference points were roughly consistent with the predictions of Equations 1 and 2.
Similar preferences for variable over fixed delays were obtained by Lagorio and Hackenberg
(2010), who conducted one study with pigeons using food as the reinforcer and a parallel study
with humans using video clips as reinforcers. They found that Equations 1 and 2 made fairly
accurate predictions for both pigeons and humans, setting K =1 for both species. Lagorio and
Hackenberg suggested that the difference between their results and those of the earlier studies
might be due to the types of reinforcers used. Whereas Weiner (1966) and Kohn et al. (1992)
used game points as reinforcers, Lagorio and Hackenberg used reinforcers (food for pigeons and
video clips for humans) that were immediately “consumable;” that is, they were used as soon as
they were delivered. However, it is also possible that other procedural differences led to the
different results.
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The purpose of the present series of experiments was to determine whether humans
would show a preference for variable delays when they made choices involving hypothetical
monetary rewards. Hypothetical questions about money have been used in numerous
experiments on choice and delay discounting by humans, and the typical finding is that people’s
discounting functions can be described by Equations 1 or 3 (or some other decreasing, concaveupward function, e.g., Green, Myerson, & McFadden, 1997; Rachlin, 2006; Rachlin, Raineri, &
Cross, 1991; Reynolds & Schiffbauer, 2004; see McKerchar & Renda, 2012, for a review).
Although one can question the validity of asking hypothetical questions about money, several
studies have found that people’s answers are similar when the questions are purely hypothetical
and when they can actually obtain monetary rewards (e.g., Johnson & Bickel, 2002; Lagorio &
Madden, 2005; Madden, Begotka, Raiff, & Kastern, 2003). The logic behind the present research
was that if human delay discounting of money is described by a decreasing, concave-upward
function, it follows they should show a preference for variable delays when answering questions
about delayed monetary rewards, for the same reasons that Equations 1-4 predict a preference for
variable delays in nonhumans.
The questions used in the present research took two basic forms. For some of the
questions, the choice was between (A) money to be delivered after a fixed delay, X, and (B)
money to be delivered immediately or after a delay of 2X (each with an equal probability). An
example would be a hypothetical choice between (A) a guarantee to receive $1000 in 1 year, and
(B) a guarantee to receive $1000, with a 50% chance of receiving it immediately, and a 50%
chance of receiving it in 2 years. An individual with a preference for variable delays would
choose option B, and would be indifferent between A and B when the amount for the variable
option was some amount less than $1000. Note in these types of questions that the delay until
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option A is equal to the average delay of option B. This permits a direct assessment of preference
for variability without confounding the choice by differences between their average delay.
One potential concern about this type of question is that it involves probabilistic rewards,
and there is evidence that people’s subjective probabilities do not always match the objective
probabilities (e.g., Kahneman & Tversky, 1979). To address this potential problem, in other
questions the element of probability was eliminated by changing option B so that it that included
two rewards, one immediate and one delayed. For example, participants might be asked to
choose between (A) a guarantee to receive $1000 in 1 year, and (B) a guarantee to receive $500
immediately and another $500 in 2 years. In comparing this choice to the one in the previous
paragraph, note that the monetary amount for option B has been reduced by half, but its
probability has been doubled from 50% to 100%, so Equations 1 and 2 make exactly the same
quantitative predictions for these two questions. That is, if delay discounting is described by
these equations or by any decreasing concave-upward function, people should exhibit a
preference for option B, and should be indifferent between A and B when the total monetary
amount for option B is some amount less than $1000.
For convenience, we will refer to the first type of question as a variable-delay question
and the second type of question as a double-reward question. In Experiment 1, one group of
participants answered variable-delay questions and a second group answered double-reward
questions. Then both groups were given a series of questions involving simple choices between
immediate and delayed reinforcers (e.g., a choice between $500 now and $1000 in 1 year), using
a procedure similar to the one developed by Rachlin et al. (1991). This procedure allowed us to
also obtain standard delay-discounting functions for all participants. Based on abundant previous
research, we expected to find typical decreasing, concave-upward discount functions with the
standard delay-discounting questionnaire. The main question of interest, however, was whether
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the participants would show preferences for the variable delays (or the double rewards) in the
first part of the experiment.
General Method
MTurk
All participants were recruited through Amazon Mechanical Turk (MTurk), which is an
online service where “workers” complete various Human Intelligence Tasks (HITs) solicited by
“requesters.” MTurk has become an increasingly popular website for psychologists to recruit
participants collecting data using questionnaire and similar methods (Crump, McDonnell, &
Gureckis, 2013; Paolacci, Chandler, & Ipeirotis, 2010). On four separate occasions, across three
experiments, we posted a HIT request to MTurk requesting workers to answer a two-part survey
about how people make decisions involving money. To view and accept the request, workers had
to have completed at least 250 prior HITs and reside within the US. In Experiment 1, workers
had to have a 95% or greater approval rating on previously submitted HITs; in Experiments 2
and 3, workers had to have a 99% or greater approval rating. Our HIT requests stated the survey
would take 20-25 minutes to complete (although actual durations were shorter, see below) and
would result in a $1 payment, once their work was verified and approved. This description
concluded with a link to the survey, which was created and hosted on SurveyMonkey. We
evaluated survey responses before approving their payment. In all cases this was done within 12
hours of a participant completing the survey, with most approvals occurring within 2-3 hours.
The only criterion for payment was that a participant must complete all parts of the study by
answering all questions. Our $1 payment is similar to payment rates used in other studies with
MTurk participants completing discounting questionnaires (Jarmolowicz, Bickel, Carter, Franck,
& Mueller, 2015; Johnson, Herrmann, & Johnson, 2015; Myerson, Baumann, & Green, 2014).
Experiment 1
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Participants
In our first request on MTurk, 49 participants provided their consent and completed all
parts of our variable-delay task. In our second request, 50 participants provided their consent and
completed all parts of our double-reward task (described below). The demographic
characteristics of these participants, along with those from Experiments 2 and 3, are provided in
Table 1. Overall, the demographics of our participants were similar to those obtained from prior
discounting studies with participants recruited through MTurk (e.g., Johnson, Herrmann, &
Johnson, 2015; Myerson, Baumann, & Green, 2014), and were likely more diverse than typical
college-student samples (Buhrmester, Kwang, & Gosling, 2011).
Procedure
Variable-delay task. Participants received the following instructions and example
question in the first of two tasks involving repeated choices between two hypothetical rewards:
Imagine that you have a choice between two amounts of money, and that no
matter what you choose, you are guaranteed to receive the money. However, for
one of your options there’s a 50% chance you will receive the money immediately
and a 50% chance you will receive the money later. For your second option, you
will receive the money later. As an example of the type of question you will be
asked to answer, please look at the question below. For the option on the left:
imagine you are guaranteed to receive $2000; there’s a 50% chance you will
receive it immediately and a 50% chance you will receive it in 4 years. For the
option on the right: imagine you are guaranteed to receive $2000 in 2 years. When
you understand what the question is asking, please pick the one you would rather
have. Which would you rather have?
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Guaranteed to receive $2000

Guaranteed to receive $2000

50% chance of receiving it immediately

You will receive it in 2 years

50% chance of receiving it in 4 years

Participants made their choice by selecting one of the two radio buttons next to each option and
then clicking the “submit” button to enter their response and advance to the next screen.
Following this example question, the task proper consisted of four separate screens with
41 questions on each screen, each question involving a similar choice between two monetary
rewards. Specifically, for each question, the first option (on the left) was always an amount of
money to be received either immediately or later—each with an equal 50% probability—and the
delay until the later outcome was explicitly specified (e.g., “in 6 months”). This will be called the
variable-delay alternative. The second option (to the right of the first option) was always an
amount of money to be received later, and the delay until this reward was the average of the two
delays of the variable alternative (e.g., 0 months [immediately] + 6 months/2 = 3 months). This
will be called the fixed-delay alternative; the amount of this alternative was always $1000.
Across the 41 questions within each screen, the monetary amount of the variable-delay option
increased (n = 26) or decreased (n = 23) as a proportion of the monetary amount of the fixeddelay alternative. The proportions were: 0.00, 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45,
0.50, 0.55, 0.60, 0.65, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95, 1.00, 1.05, 1.10, 1.15, 1.20, 1.25, 1.30,
1.35, 1.40, 1.45, 1.50, 1.55, 1.60, 1.65, 1.70, 1.75, 1.80, 1.85, 1.90, 1.95, and 2.00. The zeroproportion amount ($0) was included to identify and exclude participants who were not
considering the questions carefully or did not understand them (i.e., said they would rather
receive $0 either immediately or later rather than receive $1000 later). Proportions greater than
1.0 were included because pilot testing indicated many participants always preferred the fixed-
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delay alternative when the amount of the variable-delay alternative was equal to or less than the
amount of the fixed-delay option, which prevented us from identifying an indifference point;
however, all of our pilot participants chose the variable-delay alternative when the amount of
that alternative was double the amount (or less) of the fixed-delay alternative.
Across the four screens that constituted the variable-delay task, the delays for the two
options were increased. The first of the two delays for the variable-delay option was always 0
months, expressed as “immediately;” the second delay of this option was increased across
screens in ascending order: 6 months, 2 years, 4 years, and 10 years. The corresponding delays of
the fixed-delay alternative were 3 months, 1 year, 2 years, and 5 years, also presented in
ascending order across screens.
Indifference estimates were determined at each of the four fixed-delay alternatives. For
those who received an ascending adjustment of the amount of the variable-delay reward,
indifference was calculated as the mean of (a) the amount of the first variable-delay alternative
chosen and (b) the amount of the preceding variable-delay alternative. For those who received a
descending adjustment of the amount of the variable-delay reward, we calculated the mean of (a)
the amount of the variable-delay alternative when the fixed-delay alternative was first chosen
and (b) the amount of the preceding variable-delay alternative. The exception to this calculation
was if a participant always selected the fixed-delay alternative within a series of questions: these
participants were assigned an indifference estimate of $2000 (i.e., the upper-limit amount of the
variable-delay reward). No participants selected the $0 variable-delay alternative and thus no
data were excluded in this part of the study according to the criterion described earlier.
Standard delay-discounting task. After completing the variable-delay task, the same 49
participants also completed a standard delay-discounting task (Rachlin et al., 1991). Participants
received the following instructions in this task:
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In this second and final psychology survey, we again ask you to imagine that you
have a choice between two amounts of money and that no matter what you
choose, you are guaranteed to receive the money. However, if you choose the left
option you will receive the money immediately. If you choose the right option,
you will receive $1000 in 3 months. Notice that the amount of money you can
receive changes from question to question, so please read each one carefully. For
each question below, please select which one you would rather have.
Below these instructions and on three subsequent screens was a series of 21 questions
requiring a choice between immediate and delayed hypothetical monetary rewards. The amount
of the immediate alternative (presented on the right side of the screen) increased (n = 26) or
decreased (n = 23) within each series of questions as a proportion of the delayed amount ($1000,
presented on the left side of the screen), and was matched to the order of adjustment they
received in the variable-delay task. The proportions used were: 0.00, 0.05, 0.10, 0.15, 0.20, 0.25,
0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95, and 1.00. The
delay until the $1000 alternative was increased across each new screen in ascending order: 3
months, 1 year, 2 years, and 5 years.
Indifference estimates were calculated at each of the four delays in the standard
discounting task in a manner similar to that of the variable-delay task. For participants who
received an ascending amount-adjustment of the immediate reward, we calculated the mean of
(a) the amount of the first immediate reward chosen and (b) the amount of the preceding
immediate reward. For those who received a descending amount-adjustment, we calculated the
mean of (a) the amount of the immediate reward when the delayed reward was first chosen and
(b) the amount of the preceding immediate alternative. The exception to this was if a participant
always selected the delayed reward within a series of questions: these participants were assigned
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an indifference estimate of $1000, which was the upper-limit amount of the delayed reward. Any
participant who chose the $0 immediate reward was excluded (none in this part of the study).
The median duration (and interquartile range [IQR]) to complete all parts of the variable-delay
and standard discounting tasks was 11.65 min (8.96 – 16.78).
Double-reward task. Prior to the double-reward task, a different group of participants
received the following instructions and example question:
Imagine that you have a choice between various amounts of money, and that no
matter what you choose, you are guaranteed to receive the money. However, for
one of your options you will receive two amounts of money: the first amount will
be received immediately and the second amount will be received later. For your
second option, you will receive the money later. As an example of the type of
question you will be asked to answer, please look at the question below. For the
first option, imagine you are guaranteed to receive $2000: you will receive $1000
of it immediately and another $1000 in 4 years. For the second option, imagine
you are guaranteed to receive $2000 in 2 years. When you understand what the
question is asking, please pick the one you would rather have. Which would you
rather have?

Guaranteed to receive $1000 immediately and $1000 in 4 years
Guaranteed to receive $2000 in 2 years

Participants made their selection to this example question by clicking the radio button next to
one of the two options and clicking the “submit” button below this question.
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This question was followed by the double-reward task proper, which consisted of four
separate screens with 41 questions on each screen. For each question, the first option was always
an amount of money to be received immediately and later—with the delay until the later
outcome explicitly specified (e.g., “in 6 months”). This was the double-reward alternative. The
second option was always an amount of money to be received later, and the explicit delay until
this reward was the mean of the two delays of the double-reward alternative (e.g., 0 months
[immediately] + 6 months/2 = 3 months). This was the single-reward alternative, and the amount
of this alternative was always $1000. Across the 41 questions within each screen, the monetary
amount of the two rewards of the double-reward option was increased (n = 25) or decreased (n =
25) by the same amount, and the sum of these two amounts was a proportion of the amount of
the single-reward alternative ($1000). The same proportions used in the variable-delay task were
used in this double-reward procedure. As in the variable-delay task, the zero-proportion amount
($0) was included to identify participants who might not be considering the questions carefully
or did not understand the questions (i.e., said they would rather receive $0 immediately and $0
later rather than receive $1000 later). Proportions between 1.0 and 2.0 were included because
pilot testing and results from the variable-delay task suggested this was an appropriate upper
range for estimating indifference points among most participants.
As in the variable-delay task, across each new screen of this task, the delays for both
options were increased. The first of the two delays for the double-reward option was always 0
months, expressed as “immediately;” the second delay of this option was fixed within each series
of questions, but was increased across screens in ascending order: 6 months, 2 years, 4 years, and
10 years. The corresponding delays of the single-reward alternative were also fixed within each
series of questions, but increased across each screen in ascending order: 3 months, 1 year, 2
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years, and 5 years. Notice that in this double-reward procedure, the delays and reward amounts
were identical to those used in the variable-delay procedure.
Indifference estimates were determined at each of the four single-reward alternatives in a
manner similar to that determined in the variable-delay task. For those who received an
ascending adjustment of the two amounts of the double-reward alternative, indifference was
calculated as the mean of (a) the sum of the two amounts of the first double-reward alternative
chosen and (b) the sum of the two amounts of the preceding double-reward alternative. For those
who received a descending adjustment of the two amounts of the double-reward alternative, we
calculated the mean of (a) the sum of the two amounts of the double-reward alternative when the
single-reward alternative was first chosen and (b) the sum of the two amounts of the preceding
double-reward alternative. The exception to this was if a participant always selected the singlereward alternative within a series of questions: these participants were assigned an indifference
estimate of $2000 (i.e., upper-limit amount of the double-reward alternative). Seven participants
selected the $0 double-reward alternative and were excluded from analysis in this part of the
study.
Standard delay-discounting task. Once participants completed the double-reward task,
they also also completed a standard delay-discounting questionnaire. This was identical to the
one previously described, and the method for estimating indifference was identical to that
described for the previous standard delay-discounting task. Nine participants were excluded from
analysis because they selected the $0 immediate reward in this task.
The median duration (and IQR) to complete all parts of the double-reward and standard
discounting tasks was 12.39 min (9.64 – 18.42).
Results and Discussion
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Although the standard delay-discounting task always followed the variable-delay or
double-reward tasks, we present findings from the delay-discounting task first. In Figure 2, the
median indifference points obtained from the standard delay-discounting task are shown for the
participants who also completed the variable-delay (left panel) and double-reward task (right
panel). As has been found in many other studies using this task, indifference points decreased
systematically as the delay to the $1000 option increased. A one-way repeated-measure
nonparametric ANOVA (Friedman test) on the indifference points was significant for both
groups (variable-delay group: χ2[3] = 96.57, p < 0.0001; double-reward group: χ2[3] = 78.99, p
< 0.0001), and most post-hoc tests (Dunn’s multiple comparisons) were significant in both
groups (ps < .05); the exceptions to this were the 3-month versus 1-year comparison in the
variable-delay group, and the 1- versus 2-year and 2- versus 5-year comparison in the doublereward group. The predictions of two different discounting functions are also shown. The solid
lines show the best fit of Equation 1 and 2, which will be referred to as the hyperbola equations.
The dotted lines show the predictions of Equation 3 and 4, and will be referred to as the
hyperboloid equations. For the variable-delay group, the hyperboloid produced a much better fit
to the data than the hyperbola (R2 = .999 and .850, respectively). For the double-reward group,
both equations accounted for a similarly high proportion of the variance (R2 = .998 for the
hyperboloid and .990 for the hyperbola). The shapes of these delay-discounting functions are
similar to those obtained in many previous studies (e.g., Green, Fry, & Myerson, 1994; Green et
al., 1997; Rachlin et al., 1991; McKerchar, Pickford, & Robertson, 2013).
The best-fitting parameter values from both the hyperbola and hyperboloid equations,
obtained from the delay-discounting results shown in Figure 2, were used to make predictions for
the variable-delay and double-reward tasks of the experiment. The method for obtaining these
predictions is fairly straightforward, and can be illustrated by considering the variable-delay
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group. First, for the fixed-delay option, Equation 1 (or Equation 3 for the hyperboloid) was used
to estimate the subjective value of $1000 if it were delivered after the specified delay. For
example, with K = 0.0285 (the best-fitting value from the delay-discounting task by the variabledelay group, with D measured in months), Equation 1 predicts that $1000 delivered after 1 year
will have a subjective value of $745. Then Equation 2 (or Equation 4 for the hyperboloid) was
used to find the dollar amount for the variable-delay option that would produce the same
subjective value. With K = 0.0285, Equation 2 predicts that the variable-delay option will have
the same subjective value of $745 when its actual dollar amount is $935. This is, therefore, the
predicted indifference point: $935 with a 50% chance of being delivered either immediately or
after 2 years should be judged to be equivalent to $1000 delivered in 1 year. Similar calculations
were used to obtain predicted indifference points for the double-reward group.
The predictions of the hyperbola and hyperboloid equations in the variable-delay and
double-reward tasks are plotted in Figure 3, along with the median indifference points obtained
from the participants. For the reasons illustrated in Figure 1, both equations predict a preference
for the variable-delay and double-reward options—the indifference points should be less than
$1000 in all cases. Furthermore, because the relative value of receiving the money immediately
increases when the other two delays become longer, both equations predict that the degree of
preference for the variable-delay and double-reward options should increase with longer delays
(which are seen as the decreasing curves in Figure 3). However, the data from the variable-delay
and double-reward tasks in Figure 3 shows that neither of these predictions was supported. For
both groups, the median indifference points were always slightly above $1000. In the variabledelay condition, a Friedman test suggested no systematic changes in the indifference points as
delays increased (χ2[3] = 0.508, p = .50). In the double-reward condition, although the Friedman
test indicated a significant effect of delay (χ2[3] = 10.78, p = .01), post-hoc tests revealed that the
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only significant pairwise comparison was between the indifference points from the 3-month and
2-year delay (p < .05). Notice, furthermore, Figure 3 shows that this difference is in a direction
opposite to that of the predictions of the hyperbola and hyperboloid. In short, the results from the
delay-discounting task showed typical decreasing, concave-upward functions, but these results
could not be used to predict performance on the variable-delay and double-reward tasks. At the
group level, there was no evidence of a preference for variability at any of the four delays in
either task.
Figure 4 presents the indifference points for the individual participants in the variabledelay and double-reward tasks. As is common in studies where people are asked hypothetical
questions about money (e.g., Johnson & Bickel, 2002; Rachlin et al., 1991; Raineri & Rachlin,
1993), there were large individual differences. Some participants had indifference points of less
than $1000, indicating a preference for the variable-delay or double-reward option, and
sometimes this preference appeared to be affected by delay. However, other participants had
indifference points greater than $1000, indicating a preference for the fixed-delay or singlereward (invariable) option. Nevertheless, the majority of the participants had indifference points
in the vicinity of $1000, which suggested no strong preference for the variable options in the two
tasks.
As already explained, a preference for the variable option (whether it is presented as a
variable delay or as two rewards after different delays) is predicted by any decreasing, concaveupward discounting function. However, the participants in this experiment exhibited typical
discounting functions in the standard delay-discounting task but no preference for variability in
the variable-delay or double-reward tasks. The reasons for this discrepancy are not clear, but two
points can be made. First, the lack of preference for the variable-delay option was likely not due
to the use of a probabilistic option (with a 50% probability of receiving money either
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immediately or after a delay), because the same results were obtained in the double-reward
group, where the element of probability was eliminated. Second, whatever choice strategies the
participants used in the variable-delay and double-reward tasks were presumably different from
those used in the delay-discounting task. The indifference points from the delay-discounting task
showed that the value of $1000 decreased with increasing delays according to a decreasing,
concave-upward function. However, the indifference points from the variable-delay and doublereward task showed a slight preference for the invariable option (fixed delay or single reward), a
result that is inconsistent with the predictions of participants’ choices from the delay-discounting
task.
Because we found the discrepancy between the results from the standard task and the
results from the variable-delay and double-reward tasks surprising, we wanted to determine
whether the findings were limited to the particular dollar amount used ($1000). Many studies
have shown in standard delay-discounting tasks that smaller amounts are discounted more than
larger amounts (e.g., Green, Myerson, & McFadden, 1997). Would different results be found
with larger or smaller amounts of money, and if so, how would people’s choices vary with
different amounts? To answer this, Experiment 2 replicated the variable-delay condition, but
with two different amounts, $100 and $5000.
Experiment 2
Participants
Eighty-nine participants recruited from MTurk provided their consent and completed all
parts of the survey. See Table 1 for demographic characteristics.
Procedure
Variable-delay task. The variable-delay task of Experiment 2 was similar to the one
described in Experiment 1. Participants made repeated choices between two options: The
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variable-delay alternative was a guaranteed amount of money to be received either immediately
or later (e.g., 6 months), each with an equal 50% probability; the fixed-delay alternative was an
amount to be received later, and the delay until this later amount was the average of the two
delays of the first option (e.g., 3 months). The monetary amount of the fixed-delay alternative
was either $100 (n = 45) or $5000 (n = 44), depending on group (random) assignment. Unlike in
Experiment 1, however, the monetary amount of the variable-delay alternative did not increase
or decrease in a common, fixed sequence for all participants. Instead, on the first question of
each series, the monetary amount of the variable-delay option was always equal to the amount of
the fixed-delay option. If the participant chose the variable-delay option on this initial question,
the subsequent screen presented them with seven additional choices in which the amount of the
variable-delay option decreased across each question by a proportion of the amount of the fixeddelay option: 0.9, 0.8, 0.6, 0.4, 0.2, 0.1, and 0.0. If instead the participant chose the fixed-delay
reward on the first question, a subsequent screen presented them with seven additional choices in
which the amount of the variable-delay option increased across each question by a proportion of
the amount of the fixed-delay reward: 1.1, 1.2, 1.4, 1.6, 1.8, 1.9, and 2.0. This procedure blends
features of both the decreasing- and fixed-adjustment (or “titration”) procedures frequently used
in discounting studies (Du, Green, & Myerson, 2002; Rachlin et al., 1991) to reduce the number
of questions needed to estimate indifference.
As in the variable-delay task of Experiment 1, both the delay until the later outcome of
the variable-delay option and the delay until the fixed-delay option increased across each new
series of questions. Furthermore, the same delays from Experiment 1 were used. Indifference
estimates were determined in a manner similar to that used in Experiment 1. That is, within each
series of questions, we first determined the point at which a participant’s choice switched from
the variable- to the fixed-delay alternative or from the fixed- to the variable-delay alternative. In
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the former case, we calculated the mean of (a) the amount of the variable-delay option when the
fixed-delay option was first chosen and (b) the amount of the variable-delay option on the
preceding question. In the latter case, we calculated the mean of (a) the amount of the first
variable-delay option chosen and (b) the amount of the variable-delay option on the preceding
question. If a participant always chose the fixed-delay alternative, they were assigned an
indifference estimate of $200 or $10,000 (i.e., upper-limit amount of the variable-delay
alternative in the two groups). Following the exclusion criterion established in Experiment 1
(i.e., participant chose $0 reward), one participant’s data were excluded from the $5000 variabledelay task.
Standard delay-discounting task. As was done for the variable-delay task of this
experiment, we blended features of the decreasing- and fixed-adjustment delay-discounting
procedures to estimate indifference between immediate and delayed rewards. More specifically,
for the first question within each series, the amount of the immediate reward was one-half the
amount of the delayed reward. If a participant selected the immediate reward, a subsequent
screen presented them with seven additional choices in which the amount of the immediate
reward decreased by a proportion of the amount of the delayed reward: 0.45, 0.40, 0.30, 0.20,
0.10, 0.05 and 0.00. If a participant chose the delayed reward on the first question, a subsequent
screen presented them with seven additional choices in which the amount of the immediate
reward increased by a proportion of the amount of the delayed reward: 0.55, 0.60, 0.70, 0.80,
0.90, 0.95 and 1.00. Within each series of questions, the delayed reward was fixed, but increased
across each new series: 3 months, 1 year, 2 years, and 5 years. The amount of the delayed reward
was either $100 or $5000, and was matched to the amount they received in the variable-delay
task.
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Indifference points in this task were determined similarly to that described for the doublereward procedure of this experiment. Within each series of questions, if a participant’s choice
switched from an immediate to a delayed alternative, we calculated the mean of (a) the amount
of the immediate reward when the delayed reward was first chosen and (b) the amount of the
immediate reward on the preceding question. If a participant’s choice switched from a delayed to
an immediate alternative, we calculated the mean of (a) the amount of the first immediate reward
chosen and (b) the amount of the immediate reward on the preceding question. Because they
chose a $0 reward, two participant’s data were excluded from the $100 task and one participant’s
data were excluded from the $5000 task. The median duration (and IQR) to complete the
variable-delay and delay-discounting tasks of Experiment 2 was 7.97 minutes (6.03 – 11.28).
Results and Discussion
For the standard delay-discounting task, indifference points were calculated for each
participant for the four different delays examined. In Figure 5, the median indifference points are
shown for the $100 condition (left panel) and the $5000 condition (right panel). The best-fitting
predictions of the hyperbola and hyperboloid equations are also shown. The fit of the
hyperboloid was slightly better than the hyperbola in the $100 group (R2 = .983 and .945,
respectively). In the $5000 group, there was no difference in fit between these equations (both R2
= .991).For both groups, indifference points decreased systematically as the delay increased, but
the rate of decrease was more rapid for the $100 group. This was statistically confirmed by
comparing the area under the curve (Myerson, Green, & Warusawitharana, 2001) at each amount
with an unpaired nonparametric t-test (Mann-Whitney): (U = 654.5, p = .02). The lower
discounting rate with the larger amount is known as the magnitude effect, and it has been
observed in a number of previous studies (e.g., Green et. al., 1997; Green, Myerson, &
Ostaszewski, 1999; McKerchar et al., 2013). The performance of these participants on the
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standard delay-discounting task was therefore similar to what has been found in previous
research.
As in Experiment 1, the best-fitting parameter values from the delay-discounting task
were used in Equations 2 and 4 to derive predictions for the variable-delay portion of the
experiment. The predictions from both the hyperbola and hyperboloid equations are shown in
Figure 6, along with the median indifference points from both groups. For both the $100 and
$5000 groups, the equations predict preferences for the variable-delay option that should
increase with increasing delays—the indifference points should decline in value. However, no
such preferences were found. Similar to what was observed in Experiment 1, the indifference
points in all cases were close to the single-reward amounts of $100 and $5000, and there were no
systematic changes with increasing delay at either amount (Friedman test, both ps > .10). A onesample t-test compared the area under the curve at each amount with a theoretical value of 1.0
(i.e., $100 or $5000), and in both cases the area was not significantly different from 1.0.
Furthermore, using an unpaired t-test (data normally distributed), the area under the curve in the
$100 group was not significantly different from the $5000 group.
Figure 7 presents the indifference points for the individual participants. In both groups,
there were a few participants with very large or very small indifference points, but most
participants had indifference points that clustered around the fixed-delay amounts of $100 or
$5000.
In this experiment, the dollar amounts for the two groups differed by a factor of 50, but
the results were similar to those of Experiment 1. Thus at all three dollar amounts examined thus
far ($100, $1000, and $5000), there was a discrepancy between performance on the delaydiscounting task and on the variable-delay task. The delay-discounting data revealed the usual
decreasing, concave-upward functions, which were well described by the hyperboloid equation.
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As in Experiment 1, when the parameter estimates obtained from Equations 1 and 3 in the
standard task were applied to Equations 2 and 4 to predict choice in the variable-delay task, these
predictions indicated there should have been a preference for the variable-delay alternative that
increased with increasing delay, particularly at the smaller amount; yet at the group level there
was no evidence for such a preference (and relatively few individuals who showed this
preference). In fact, seven of the eight median indifference points in Figure 6 were greater than
the predictions, with no systematic effect of delay in the $100 or $5000 group, a finding
inconsistent with the predictions of curvilinear delay-discounting functions.
The results from the variable-delay and double-reward tasks in these two experiments are
not consistent with any curvilinear, concave-upward delay-discounting function. This type of
averaging of delays is more consistent with a linear discounting function, in which the value of a
delayed reinforcer decreases at a constant rate with increasing delay (that is, the value of a
delayed reward is decreased by the same dollar amount for every additional month). One simple
equation that captures the concept of linear delay-discounting is:

V = A (1− KD),

(5)

where K is the rate of discounting. The main objection to this type of equation is that in all of the
numerous studies on discounting with human participants, whether they involved discounting of
delays or probabilities, and whether they involved gains or losses, the uniform result has been
curvilinear discounting functions (Madden & Bickel, 2010). This same sort of curvilinear pattern
was found in the delay-discounting task of the present experiments (as shown in Figures 2 and
5). It therefore seems implausible that the participants based their choices in the double-reward
and variable-delay tasks on a linear delay-discounting function.
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Another possible explanation for the participants’ performance on these tasks is that the
structure of the questions tended to produce indifference points near $1000 because the fixed
delay was exactly halfway between the two possible delays for the variable option (e.g., 1 year
for the fixed delay versus either 0 or 2 years for the variable option). It might have been easy for
participants to decide that $1000 after either 0 or 2 years was about equally preferable to $1000
delivered at a time half way between these two. Similarly, in the double-reward task, participants
might have decided that $1000 split into two halves, with one half delivered immediately and the
other after 2 years, was about equally preferable to $1000 delivered in one payment at a delay
half way between these two.
As such, the questions used in Experiments 1 and 2 can be considered special cases
because the probabilities or amounts for the variable options were always divided into two equal
parts (50% probability of either an immediate or delayed reward in the variable-delay task; 50%
of the money delivered immediately and 50% after a delay in the double-reward task). Perhaps
the use of two equal probabilities (or two equal amounts) made it especially likely that the
participants would base their choices on simple averaging. What would happen if the dollar
amounts in the double-reward task were unequal, so that simply averaging the two delays would
seem less appropriate? To examine this question, Experiment 3 used choices in which the
immediate and delayed amounts were unequal in a double-reward task similar to that of
Experiment 1. In one set of questions, the double-reward option was receiving 90% of the money
immediately and 10% after a delay. In a second set of questions, the double-reward option was
receiving 10% of the money immediately and 90% after a delay. Because of the large differences
between the immediate and delayed amounts, participants may be less likely to average the two
delays than in the previous experiments. Under these conditions, would their choices be more
consistent with predictions of the hyperbola or hyperboloid equations?
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Experiment 3

Method
Participants
Twenty-five participants were recruited from MTurk (see Table 1 for demographic
characteristics).
Procedure
Double-reward tasks. Two versions of a double-reward task were created. As in all
previous procedures, participants made repeated hypothetical choices between two alternatives.
As in the double-reward procedure of Experiment 1, the first option—the double-reward
alternative—consisted of two monetary rewards: one amount to be received immediately and
another amount to be received later (e.g., in 6 months). The second option was always one
monetary amount to be received later, and the delay until this single-reward alternative was the
mean of the two delays of the first option (e.g., in 3 months). Unlike the double-reward
procedure in Experiment 1, the amount of the two rewards of the double-reward alternative were
unequal. In one version of the task, the amount of the immediate and later outcome of the
double-reward alternative was always $900 and $100, respectively (hereafter referred to as the
$900-$100 condition); in a second version, the immediate and later amount of the double-reward
alternative was always $100 and $900, respectively (hereafter referred to as the $100-$900
condition). The initial amount of the single-reward alternative was $1000, and this amount either
increased or decreased within a series of seven additional questions on a subsequent screen. Note
that unlike in Experiment 1, the amount of the single-reward alternative was adjusted in this
version of the double-reward task. Specifically, if a participant chose the double-reward
alternative on the first question within each series, the amount of the single-reward alternative
increased as a proportion of $1000: 1.05, 1.10, 1.20, 1.40, 1.60, 1.80, and 2.00. If a participant
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chose the single-reward alternative on the first question, the amount of this option decreased as a
proportion of $1000: 0.95, 0.90, 0.80, 0.60, 0.40, 0.20, and 0.00. As in the previous experiments,
the delay until the two later outcomes—the second of the two rewards for the double-reward
alternative and the single-reward alternative—increased across each new series of questions;
furthermore, the same delays were used.
All participants completed both versions of the double-reward procedure ($900-$100 and
$100-$900), and the order was counterbalanced across participants: Thirteen participants
completed the $900-$100 task first and the $100-$900 task second; 12 participants completed the
$100-$900 task first and the $900-$100 task second. Because the amount of the single-reward
alternative was adjusted in this experiment, calculations of the indifference points proceeded
somewhat differently than in the previous experiments. Specifically, we identified the point at
which a participant’s choice switched from the single- to the double-reward alternative or from
the double- to the single-reward alternative. In the former, we calculated the mean of (a) the
amount of the single-reward alternative when the double-reward alternative was first chosen and
(b) the amount of the single-reward on the preceding question. In the latter case, we calculated
the mean of (a) the amount of the single-reward when the double-reward alternative was first
chosen and (b) the amount of the single-reward on the preceding question. If a participant always
chose the double-reward option, they were assigned an indifference estimate of $2000 within that
particular series of questions (i.e., upper-limit amount of the single-reward alternative). Based on
the exclusion criterion of Experiments 1 and 2 (i.e., participant selects $0 reward over a non-zero
reward), no data were excluded from either of the double-reward tasks in this experiment.
Standard delay-discounting task. Following the two double-reward tasks, all
participants completed a standard delay-discounting task, which was identical to that of
Experiment 2, except the amount of the delayed reward was $1000. In addition, indifference
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points were calculated in the same manner as the standard task in Experiment 2. Three
participants’ data were excluded from this task because they selected a $0 reward.
The median duration (IQR) to complete the two double-reward tasks as well as the delaydiscounting task of Experiment 3 was 11.35 minutes (8.04 – 13.50).
Results and Discussion
For the standard delay-discounting task, indifference points were calculated for each
participant for the four delays examined. The median indifference points are shown in Figure 8,
along with the best-fitting predictions of the hyperbola and hyperboloid equations. A Friedman
test on the indifference points was significant: χ2(3) = 26.82, p < .0001), with Dunn’s post-hoc
test significant in the 3-month versus 5-year and 1- versus 5-year comparisons (ps < .05). The fit
of the hyperboloid was slightly better than the hyperbola (R2 = .966 and .950, respectively).
For each participant, indifference points were obtained for each of the four delays
examined in the double-reward procedure for both the $900-$100 and $100-$900 conditions. The
group medians are shown in Figure 9. Recall that in this experiment (unlike Experiments 1 and
2), the dollar amounts for the single-reward alternative were varied to obtain the indifference
points, while the amounts for the double-reward alternative were constant ($900 and $100). Each
indifference point, therefore, represents a dollar amount for the single-reward alternative that was
about equally preferred to the double-reward alternative with immediate and delayed amounts of
$900 and $100 (closed circles) or $100 and $900 (open squares). Therefore, larger indifference
points indicate greater preference for the double-reward alternative, and smaller indifference
points indicate greater preference for the single-reward alternative. Figure 9 shows that all
indifference points in the $900-$100 condition were greater than $1000, whereas all indifference
points in the $100-$900 condition were less than $1000. This shows that participants preferred
the double-reward alternative when $900 would be delivered immediately, but they preferred the
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single-reward alternative when only $100 would be delivered immediately. In addition, these
preferences became slightly more pronounced with longer delays. An unpaired t-test (data
normally distributed) indicated that the area under the curve in the $900-$100 condition was
significantly different from the $100-$900 condition, t(24) = 5.867, p < .0001. In addition, a onesample t-test showed that the area under the curve was significantly different from 1.0 ($1000) in
both the $900-$100 and $100-$900 conditions, which statistically supports the pattern shown in
Figure 9. In summary, the indifference points showed that the participants’ choices were
sensitive to both how much of the money would be delivered immediately and how long the
delays would be.
As in the previous experiments, the best-fitting parameter values from the delaydiscounting task (see Figure 8) were used in Equations 2 and 4 to derive predictions for the two
double-reward conditions. The predictions from both the hyperbola and hyperboloid equations
are shown in Figure 9. As can be seen, both equations correctly predict larger indifference points
in the $900-$100 condition than in the $100-$900 condition, but quantitatively the predictions
were poor. One problem with both equations is they predict much larger indifference points for
the $900-$100 condition than were obtained, especially at the longer delays. They also predicted
indifference points closer to $1000 in the $100-$900 condition than were obtained.
Because the predictions of the two equations were poor, we conducted a second analysis
in which K and S were treated as free parameters, and the best-fitting values were obtained for
each equation. The purpose was to determine whether either or both of these equations could
produce good predictions for these data with any parameter values. The best-fitting predictions
of the hyperbola and hyperboloid equations are shown in Figure 10, and these equations
accounted for 96.3% and 96.4% of the variance, respectively. Although these percentages are
reasonably high, a closer look reveals two problems. First, the deviations from the predictions
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were systematic, not random. For the $900-$100 conditions, both equations predict roughly
linear increases in the indifference points with increasing delays, but the obtained pattern was
curvilinear. For the $100-$900 condition, the predicted indifference points were consistently
greater than the obtained indifference points. Second, the best-fitting values of K and S were very
different from those obtained in the delay-discounting task. For the hyperbola, the best-fitting
value of K, 0.0088, was nearly four times smaller than the value obtained in the delaydiscounting task. This problem was much worse for the hyperboloid equation, where the bestfitting value of K, 0.0001, was more nearly 900 times smaller than in the delay-discounting task,
and the best-fitting value of S, 47.68, was ninety-two times larger than in the delay-discounting
task. It is difficult to find an explanation that would justify such different parameter values in the
two tasks. Taken together, these two problems with the predictions shown in Figure 10 (the
systematic deviations from the actual results, and the very different parameter values compared
to the delay-discounting task), suggest that neither the hyperbola nor the hyperboloid equation
provides a satisfactory account of the results obtained in this experiment.
Figure 11 presents the indifference points of individual participants for the $100-$900
and $900-$100 conditions. As would be expected from the group medians, the majority of
participants had indifference points above $1000 in the $900-$100 condition and below $1000 in
the $100-$900 condition. There was more variability among participants in the $900-$100
condition than in the $100-$900. The reasons for this difference are unclear.
General Discussion
These experiments with human participants found no strong evidence for the sort of
preference for variability that has been found in many experiments with nonhumans (e.g.,
Cicerone, 1976; Rider, 1983b, Mazur, 1984) and a few experiments with humans (e.g., Lagorio
& Hackenberg, 2010; Locey et al., 2009). This was true both when the variability consisted of a
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hypothetical monetary reward that might be delivered immediately or after a delay (the variabledelay conditions) and when two monetary rewards were to be delivered at different times (the
double-reward conditions). However, when these same participants made choices on a standard
delay-discounting task where they had to simply choose between immediate and delayed money,
they displayed curvilinear delay-discounting functions similar to those found in numerous other
studies (Madden & Bickel, 2010). The indifference points in the standard delay-discounting task
were well described by both the one-parameter hyperbola (Equation 1) and the two-parameter
hyperboloid equation (Equation 3). As previously explained, any curvilinear delay-discounting
function predicts a preference for the variable-delay (or double-reward) option (see Figure 1), yet
no such preferences were found. In short, the results from the variable-delay and double-reward
tasks were inconsistent with the results of the delay-discounting task, and predictions using
parameter values obtained in the delay-discounting task did not accurately predict performance
in the other two types of tasks. This is in striking contrast with the results from studies with
pigeons and rats, where the same basic mathematical model (the simple hyperbola described by
Equations 1 and 2), with similar parameter values, has provided good quantitative fits across a
range of different choice tasks, including delay discounting (Mazur, 1987), choices between
fixed and variable delays (Mazur, 1984), and choices between single and multiple delayed
reinforcers (Mazur, 1986, 2007).
To account for the difference between the present results with those from studies with
non-humans, Skinner’s (1963, 1984) distinction between contingency-shaped and rule-governed
behavior may be helpful. In all of the nonhuman studies, behavior was obviously contingencyshaped, and the choices were measured only after the animals received many sessions, involving
hundreds of trials in which they were repeatedly exposed to the consequences of choosing the
different options presented to them. Using a similar type of choice situation with humans, one
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where people receive extensive exposure to the contingencies, not just verbal descriptions, their
behavior might be primarily contingency-shaped rather than rule-governed, and in that case their
behavior might be more similar to those of nonhumans. Recall that some evidence supporting
this possibility was obtained in experiments by Locey et al. (2009) and Lagorio and Hackenberg
(2010) in which people received video clips as reinforcers after fixed or variable delays. Having
received actual exposure to the consequences of their choices, these participants displayed the
same type of preference for variability that has been found with nonhumans. In contrast, it seems
reasonable to assume that the behavior of the participants in the present experiments was rulegoverned, because they were presented with written descriptions of hypothetical choices, and
they had to make decisions without experiencing the consequences of these choices.
Despite the rule-governed nature of choices in the present experiments, there is no reason
to expect that participants should follow the same choice strategy (e.g., hyperbolic or
hyperboloid discounting) across all our tasks. Perhaps in tasks where people must make repeated
choices on a series of written, hypothetical questions, the structure and complexity of the specific
questions can have large effects on their choices. In the current experiments, even though the
questions were superficially similar (i.e., they were all hypothetical choices involving monetary
reward with different amounts, delays, and probabilities), no single strategy, rule, or equation
accounted for people’s answers to the different types of questions. Instead, we suggest that when
people make quick choices about monetary questions, they may base them on the most salient
features of each problem, particularly with more complex problems where there are several
factors to consider. Because the salient features can and do vary across different types of
problems, people’s answers to one question may not be consistent (in a mathematical or logical
sense) with their answers to other questions. Consistent with this reasoning, Gerd Gigerenzer has
argued that people and other organisms often employ “fast-and-frugal heuristics” under various
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choice scenarios. The specific heuristic (or choice strategy) will vary depending on the context,
but the important feature is that these heuristics greatly simplify the choice-making process by
reducing the options one needs to consider (see Gigerenzer, 2004; Gigerenzer, Czerlinski, &
Martignon, 2002; Gigerenzer & Gaissmaier, 2011; see also Tversky, 1972).
Of the different questions used in these studies, those in the standard delay-discounting
task were the simplest, for they involved nothing more than a trade-off between delay and
amount. The question was simply how much the value of a reward decreased with various
delays. As in many previous experiments on this question, curvilinear discounting functions were
found.
The variable-delay (and double-reward) task in Experiments 1 and 2 were more complex,
because one option involved a variable-time delivery of a monetary amount (or the delivery of
two amounts across time), which had to be compared to a single, fixed-delay reward. However, a
potentially salient feature of these questions was that the delay to the single, fixed reward was
always exactly halfway between the variable-delay (or double-reward) alternative. For example,
the choice could be between receiving $1000 either immediately or in two years, versus
receiving $1000 in one year. Because the fixed delay was halfway between the two delays of the
variable-delay (or double-reward) option, the participants may have treated the two options as
roughly equivalent, and as a result the average indifference points were close to $1000.
In the $900-$100 double-reward task of Experiment 3, one potentially salient feature was
that for the double-reward option, almost all of the money (90%) could be received immediately,
whereas there was a delay before the money would be received from the single-reward option.
The participants may have concluded that receiving almost all of the money immediately was
preferable to receiving all of the money after a delay, and their indifference points reflected this
preference. Furthermore, their preference for receiving 90% of the money immediately increased
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as the delay for the single-reward option increased from 3 months to 5 years, as seen in the
increasing indifference points in Figures 9 and 10.
In the $100-$900 double-reward task of Experiment 3, one salient feature may have been
that for the double-reward option, almost all of the money (90%) would be delivered after a
delay that was twice as long as that for the single-reward option. The participants may have
concluded that the single-reward option was preferable, perhaps because the wait was half as
long. In addition, the preference for receiving all of the money in half the time became stronger
with longer delays, as seen in the decreasing indifference points of Figures 9 and 10.
In summary, we suggest that in questions of this type, people’s choices are based on a
few salient (rather than all) features of the choices presented to them, and these features will vary
depending on the type of question. As a result, answers to one type of question (e.g., on simple
delay-discounting) may seem to be inconsistent with the same participants’ answers to other
questions (e.g., those involving variable delays or multiple rewards).
A large body of research on choice and economic decision-making has been conducted
by asking people hypothetical questions about money or other commodities, and in these
situations, people’s responses may tend to be rule-governed rather than contingency-shaped.
However, there have also been many studies in which choice behavior is measured by exposing
people to situations where they actually experience the consequences of their choices in real time
(e.g., Jimura, Myerson, Hilgard, Braver, & Green, 2009; Navarick, 1998, 2004; Rodriguez &
Logue, 1988; Schweitzer & Sulzer-Azaroff, 1988), and in these studies the observed behavior is
more likely to be contingency-shaped. The merits of these two different research approaches can
be debated, but both seem relevant to human choices outside the laboratory. Some cases, such as
gamblers repeatedly returning to play in casinos is contingency-shaped, at least in part.
Conversely, many financial decisions, such as whether to put money in a retirement account, or

VARIABLE AND FIXED REWARDS
whether to take a 10-year or 30-year mortgage, seem to be rule-governed, for the choices are
made without any prior exposure to the contingencies. An understanding of both contingencyshaped and rule-governed behavior is needed in order to encompass the full range of choice
behavior exhibited by people in daily life.
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Table 1
Demographics of participants from Experiments 1 through 3
Experiment 1:
Variable
Delay

Experiment 1:
Double
Reward

Experiment 2:
Variable
Delay

Experiment 3:
Double
Reward

49
36.4 (11.2)

50
33.7 (12.0)

89
36.6 (11.6)

25
30.9 (7.3)

Sex (% Female)

61

42

63

44

Ethnicity
(% White/Caucasian)

76

84

75

88

Marital status (%)
Single
Married
Separated/divorced
Widowed

55
33
10
2

46
52
2
0

44
48
8
0

60
32
8
0

Annual Income (%)
$0 - $24,999
$25,000 - $49,999
$50,000 - $74,999
$75,000-$99,999
$100,000-$124,999
$125,000-$149,999
$150,000 or more

29
39
14
4
6
4
4

16
34
24
12
12
0
2

12
36
24
12
9
3
3

20
36
28
12
4
0
0

Education (%)
Less than high school degree
High school degree or equivalent
Some college, no degree
Associate’s degree
Bachelor’s degree
Graduate degree

0
8
39
4
31
18

4
12
16
12
44
12

0
9
20
13
42
16

0
12
32
12
36
8

Demographic
n
Age in years, mean (SD)

Note. Due to rounding, numbers do not always sum to 100%.

VARIABLE AND FIXED REWARDS

44

Table 2
Parameter estimates and variance accounted for (R2) with the hyperbola (Equation 1) and the
hyperboloid (Equation 3) in the standard delay-discounting task from Experiments 1 through 3.
Estimates were determined from the fits to the group medians.
Hyperbola
K

R2

K

S

R2

Standard
(Variable Delay $1000)

0.0285

.850

0.4203

0.23

.999

Standard
(Double Reward $1000)

0.0202

.990

0.0464

0.55

.998

Standard
(Double Reward $100)

0.0621

.945

0.2843

0.43

.983

Standard
(Double Reward $5000)

0.0148

.991

0.0142

1.03

.991

Standard
(Double Reward)

0.0326

.950

0.0892

0.52

.966

Experiment

Task

1

2

3

Hyperboloid

Double Reward
0.0088
.963
0.0001 47.68
.964
($900-$100 and $100-$900)
Note. Parameter values obtained from the standard discounting task were used in Equations 3 and 4 to
provide the choice predictions in the variable-delay and double-reward tasks. The text in parentheses
indicate the task from which these parameters were subsequently applied. The final set of values shown
for the double-reward ($900-$100 and $100-$900) tasks of Experiment 3 were determined by allowing
the free parameters from Equations 3 and 4 to vary freely by fitting to all eight data points
simultaneously. See text for more.
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Figure 1. A delay-of-reinforcement gradient based on Equations 1 and 2 with A = 100 and
K = 1. The values of a delayed reinforcer after 2 and 18 s are 33.33 and 5.26 (red arrows),
respectively. The value of a reinforcer delivered with a variable-delay of 2 or 18 s is the
mean of their values (19.30, black arrows), which is greater than the value of a reinforcer
delivered after 10 s (9.09, green arrows). Thus, Equations 1 and 2 predict choice of the
reinforcer with a variable-delay.
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Figure 2. Median indifference points (amount of the smaller-immediate reward that was
subjectively equivalent to $1000 at various delays) from the standard delay-discounting task for
both groups in Experiment 1: those who completed the variable-delay (left panel) and doublereward tasks (right panel). The solid lines are the best-fitting predictions of the hyperbola
equation, and the dotted lines are the best-fitting predictions of the hyperboloid equation. See
Table 2 for the best-fitting parameter values and fit statistics in both groups.
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Figure 3. Median indifference points from the variable-delay (left panel) and doublereward (right panel) tasks of Experiment 1. Indifference points are expressed as the amount of
the variable-delay or double-reward alternative that was subjectively equivalent to the $1000
fixed-delay or double-reward alternative, respectively, at various delays. The solid lines show the
predictions of the hyperbola equation and the dotted lines show the predictions of the
hyperboloid equation, using the best-fitting parameter values for each equation obtained from the
delay-discounting task (as shown in Table 2).
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Figure 4. Indifference points from individual participants are shown from the variabledelay (left panel) and double-reward (right panel) conditions of Experiment 1.
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Figure 5. Median indifference points from the standard delay-discounting task for both
groups, $100 (left panel) and $5000 (right panel), in Experiment 2. The solid lines are the bestfitting predictions of the hyperbola (Equation 1), and the dotted lines are the best-fitting
predictions of the hyperboloid (Equation 3). Note the hyperbola is not discernible in the right
panel as it overlaps entirely with the hyperboloid. See Table 2 for the best-fitting parameter
values and fit statistics of both groups.
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Figure 6. Median indifference points are plotted from the variable-delay conditions of
Experiment 2 for the $100 (left panel) and $5000 (right panel) fixed-delay alternatives. The solid
lines show the predictions of the hyperbola equation and the dotted lines show the predictions of
the hyperboloid equation, using the best-fitting parameter values for each equation obtained from
the delay-discounting task of Experiment 2 (as shown in Figure 5). Note the hyperbola is not
discernible in the $5000 group as it overlaps entirely with the hyperboloid.
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Figure 7. Indifference points from individual participants are shown from the variabledelay tasks of Experiment 2 for the $100 (left panel) and $5000 fixed-delay (right panel)
alternatives.
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Figure 8. Median indifference points from the delay-discounting task in Experiment 3.
Solid line is the best-fitting prediction of the hyperbola (Equation 1), and the dotted line is the
best-fitting prediction of the hyperboloid (Equation 3). See Table 2 for the best-fitting parameter
values and fit statistics.
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Figure 9. Median indifference points from the double-reward procedure of Experiment 3
for the $900-$100 (closed circles) and $100-$900 (open squares) tasks. Indifference points are
the amount of the single reward alternative that was subjectively equivalent to the the doublereward alternative and its average delay. The solid lines show the predictions of the hyperbola
equation and the dotted lines show the predictions of the hyperboloid equation, using the bestfitting parameter values for each equation obtained from the delay-discounting task of
Experiment 3 (as shown in Table 2). Note the predictions overestimated and underestimated the
indifference points at the longer delays in the $900-$100 and $100-$900 tasks, respectively,
particularly in the former task.
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Figure 10. Median indifference points from the double-reward procedure of Experiment 3
for the $900-$100 (closed circles) and $100-$900 (open squares) tasks. Note in this figure the
hyperbola (solid lines) and hyperboloid (dashed lines) was fit to all eight data points
simultaneously. Table 2 provides the best-fitting parameter values and fit statistics for the
hyperbola and the hyperboloid when the data were fit to all eight data points simultaneously.
Note the systematic deviation in the data from the equations.
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Figure 11. Indifference points of individual participants from the double-reward
procedure of Experiment 3 for the $900-$100 (left panel) and $100-$900 (right panel)
tasks. See text for more.
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